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(57) ABSTRACT 
A device and method for applying an internal pressure and 
resultant hoop stress to a hollow cylindrical object, such as 
a test cylinder, utilizing an expandable cylinder and upper 
and lower conically shaped rams. The device is inserted into 
a test cylinder, and when a compressive force is applied to 
the upper and lower conically shaped rams, the rams move 
vertically into upper and lower conically shaped cavities of 
the expandable cylinder. The sloped inner surfaces of the 
conically shaped upper and lower cavities convert the ver-
tical motion into an outward radial motion, applying an 
internal pressure and resultant hoop stress to the cylindrical 
object. 
20 Claims, 16 Drawing Sheets 
(2 of 16 Drawing Sheet(s) Filed in Color) 
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FIG. 9 
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DEVICE AND METHOD FOR APPLYING 
INTERNAL PRESSURE TO A HOLLOW 
CYLINDER 
CROSS-REFERENCE TO RELATED 
APPLICATIONS 
This application claims the benefit of U.S. Provisional 
Application No. 62/163,792 filed May 19, 2015, and U.S. 
Provisional Application No. 62/262,243 filed Dec. 2, 2015, 
each of which is hereby incorporated in its entirety by 
reference. 
BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to devices and 
methods for applying an internal pressure to a hollow 
cylindrical shape. 
2. Description of the Related Art 
Application of an internal pressure and the resultant hoop 
stress to a hollow cylinder may be employed for various 
research, design, and/or testing requirements. Some prior art 
systems utilized a direct method for applying this pressure 
by filling the cylinder with an incompressible fluid, capping 
the ends of the cylinder, and using an external source to 
pressurize the fluid. This method is undesirable for several 
reasons. First, capping the ends results in end effects that 
introduce unwanted constraints to the cylinders as well as 
being difficult to accomplish with cylindrical structures. 
Secondly, high pressures, on the order of 10,000 psi, can be 
generated during testing, and such a high pressure is dan-
gerous to personnel and equipment if the tested cylinder 
fails. Finally, these prior art systems required additional 
external equipment, such as a pump and lines, that added to 
the cost and complexity of the testing. 
For example, some prior art systems made use of a 
bladder pressurized either indirectly by an external pump or 
directly by a piston pressing on the bladder using a com-
pression testing machine. For example, U.S. Pat. No. 6,595, 
068 B2 describes a prior art device that uses an external 
compressor to pressurize an inflatable membrane to apply a 
hoop stress to a test cylinder. U.S. Pat. No. 8,353,217 B2 
describes a device which uses a piston in conjunction with 
a compression testing machine to pressurize a bladder 
around which a test cylinder is placed. 
2 
aligned to allow a guide rod to be positioned within both the 
first guide hole and the second guide hole; an expandable 
cylinder, the expandable cylinder having a 360 degree 
cylindrical exterior surface, an internal conical upper cavity 
shaped to receive at least a portion of the upper conical ram 
and an internal conical lower cavity shaped to receive at 
least a portion of the lower conical ram; and a guide rod 
positioned within at least a portion of the first guide hole and 
the second guide hole, the guide rod for aligning the upper 
10 conical ram and the lower conical ram. In one embodiment, 
the expandable cylinder includes a plurality of wedges, each 
wedge having an exterior surface that forms a portion of the 
360 degree exterior surface of the expandable cylinder and 
having an interior surface shaped to form a portion of the 
15 internal conical upper cavity and a portion of the internal 
conical lower cavity of the expandable cylinder. In some 
embodiments, the device further includes a shim. 
In accordance with one embodiment, a method for apply-
ing an internal pressure to a hollow cylindrical object 
20 includes: obtaining a test cylinder; inserting an expandable 
cylinder into the test cylinder, the expandable cylinder 
having a 360 degree cylindrical exterior surface, an internal 
conical upper cavity shaped to receive at least a portion of 
an upper conical ram and an internal conical lower cavity 
25 shaped to receive at least a portion of a lower conical ram; 
inserting the lower conical ram from below the test cylinder 
at least partially into the lower cavity of the expandable 
cylinder, the lower conical ram having a second guide hole 
centrally formed on a second facing surface; inserting a 
30 guide rod from above the test cylinder into the second guide 
hole; inserting the upper conical ram from above the test 
cylinder at least partially into the upper cavity of the 
expandable cylinder, the upper conical ram having a first 
guide hole centrally formed on a first facing surface, wherein 
35 the first guide hole is aligned over the guide rod such that the 
guide rod passes into the first guide hole, and further 
wherein the first facing surface and the second facing 
surface are separated by a gap having a distance, d; applying 
a measured compressive force to the lower conical ram and 
40 the upper conical ram to cause the lower conical ram and the 
upper conical ram to move vertically toward a midline of the 
expandable cylinder and create an outward radial motion 
which applies an internal pressure and resultant hoop strain 
on the test cylinder; and determining a hoop stress of the test 
45 cylinder based on at least the hoop strain. 
Embodiments in accordance with the invention are best 
understood by reference to the following detailed descrip-
tion when read in conjunction with the accompanying draw-
in gs 
BRIEF DESCRIPTION OF THE DRAWINGS 
While the above prior art systems provide a means for 50 
applying a hoop stress without capping the ends of the 
cylinder, they still required a pressurized fluid which adds 
complexity to their design and use. Furthermore, these prior The patent or application file contains at least one drawing 
executed in color. Copies of this patent or patent application 
55 publication with color drawing(s) will be provided by the 
Office upon request and payment of the necessary fee. 
art systems involve more complicated equipment resulting 
in a more expensive and difficult-to-manufacture device. 
SUMMARY OF THE INVENTION 
Embodiments in accordance with the invention include a 
device and method for applying an internal pressure and 60 
resultant hoop stress to a hollow cylindrical shape. In 
accordance with one embodiment, a device for applying 
internal pressure to a hollow cylindrical object includes: an 
upper conical ram having a first guide hole centrally formed 
in a first facing surface; a lower conical ram having a second 65 
guide hole centrally formed in a second facing surface, 
wherein the second guide hole and the first guide hole are 
FIG. 1 illustrates an exploded perspective view drawing 
of a device for applying an internal pressure to a hollow 
cylindrical shape in accordance with one embodiment of the 
invention. 
FIG. 2 illustrates an exploded perspective view drawing 
of the device of FIG. 1 in which the wedges of the expand-
able cylinder are separated in accordance with one embodi-
ment of the invention. 
FIG. 3 illustrates an exploded perspective view drawing 
of the device of FIG. 1 including an optional shim m 
accordance with one embodiment of the invention. 
US 10,024, 772 B 1 
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FIG. 4 illustrates a side view drawing of the expandable 
cylinder of FIG. 1 showing the upper and lower internal 
cavities in accordance with one embodiment of the invention 
FIG. 5 illustrates a side view drawing of the device of 
FIG. 1 in accordance with one embodiment of the invention. 
FIG. 6 illustrates a front view drawing of the device of 
FIG. 1 in accordance with one embodiment of the invention. 
FIG. 7 illustrates a side view drawing of the device of 
FIG. 1 including an optional shim in accordance with one 
embodiment of the invention 
FIG. 8 illustrates a perspective view drawing of the device 
of FIG. 1 assembled with a test cylinder to form a test 
assembly in accordance with one embodiment of the inven-
tion. 
FIG. 9 illustrates a cut-away front view drawing of the 
device of FIG. 1 assembled with a test cylinder and includ-
ing an optional shim to form a test assembly in accordance 
with one embodiment of the invention. 
FIG. 10 illustrates a process flow drawing of a method for 
applying an internal pressure to a hollow cylindrical shape 
to determine a resultant hoop stress in accordance with one 
embodiment of the invention. 
FIG. 11 illustrates an exploded perspective view drawing 
of a device for applying an internal pressure to a hollow 
cylindrical shape including an optional shim in accordance 
with another embodiment of the invention 
FIG. 12 illustrates an exploded perspective view drawing 
of the device of FIG. 11 including an optional shim in 
accordance with another embodiment of the invention 
FIG. 13 illustrates a partial cutaway view drawing of the 
device of FIG. 11 in accordance with another embodiment of 
the invention. 
FIG. 14 illustrates a perspective view drawing of the 
device of FIG. 11 assembled with a test cylinder in accor-
dance with one embodiment of the invention. 
FIG. 15 illustrates anANSYS computer model of cylinder 
surface stress on a test cylinder resulting from an internal 
pressure applied by the device of FIG. 11 in accordance with 
another embodiment of the invention. 
4 
expandable cylinder 108 is composed of two wedges 105A 
and 105B, herein also referred to as a first wedge, and a 
second wedge, respectively. 
When placed together each wedge 105A, 105B forms a 
corresponding half of expandable cylinder 108. In one 
embodiment, expandable cylinder 108 has a 360 degree 
external surface with cylindrical cross section, and has an 
internal upper cavity 114 and an internal lower cavity 116 
which meet at a midline A. Each wedge 105B, 105B has a 
10 180 degree exterior surface and has a shaped interior surface 
formed such that, when placed together, each wedge 105A, 
105B forms a corresponding half of upper cavity 114 and 
lower cavity 116. 
In one embodiment upper cavity 114 and lower cavity 116 
15 are conically shaped. In one embodiment, upper cavity 114 
and lower cavity 116 each have a graduated conical shape 
with cylindrical cross section that decreases in diameter 
toward midline A. As illustrated in FIG. 5, the slopes of the 
conical shape of upper cavity 114 and lower cavity 116 are 
20 formed such that, when wedges 105A, 105B are placed 
together, when upper conical ram 101 and lower conical ram 
106 are inserted into upper cavity 114 and lower cavity 116, 
a gap 120 having a distance d is formed between the facing 
surface of upper conical ram 101 and the facing surface of 
25 lower conical ram 106. Gap 120 allows space for vertical 
movement of upper conical ram 101 and lower conical ram 
106 toward midline A of expandable cylinder 108 when a 
compressive force is applied. The vertical movement into 
gap 120 results in an outward expansion of wedges 105A, 
30 105B, i.e., circumferential expansion of expandable cylinder 
108. 
Each conical ram 101, 106 is connectable to a compres-
sion testing machine, such as a uniaxial compression testing 
machine, not shown. In one embodiment upper conical ram 
35 101 includes a tab 112A and lower conical ram 106 includes 
a tab 112B that allow conical rams 101,106 to be inserted 
into and connected with a compression testing machine. It is 
well known in the art that various objects and devices may 
FIG. 16 illustrates an ANSYS computer model of hoop 40 
strain on a test cylinder resulting from an internal pressure 
applied by the device of FIG. 11 in accordance with one 
embodiment of the invention. 
be connected to compression testing machines via various 
connections, such as electrical and mechanical connections, 
not shown. 
In one embodiment, a first guide hole 102A in a facing 
surface of upper conical ram 101 and a second guide hole 
102B in a facing surface of lower conical ram 106 are Embodiments in accordance with the invention are further 
described herein with reference to the drawings. 
DETAILED DESCRIPTION OF THE 
INVENTION 
Embodiments in accordance with the invention include a 
device and method for applying an internal pressure and 
resultant hoop stress to a hollow cylindrical shape, such as 
45 formed to receive a guide rod 110 that provides axial 
aligmnent of upper conical ram 101 and lower conical ram 
106. First guide hole 102A is centrally located and formed 
in the facing surface of upper conical ram 101, and second 
guide hole 102B is centrally located and formed in the facing 
50 surface of lower conical ram 106. Second guide hole 102B 
is formed a depth deep enough to allow a portion of guide 
rod 110 to be inserted into lower conical ram 106 and the 
remaining portion of guide rod 110 to extend out from the a test cylinder. Embodiments in accordance with the inven-
tion provide a simple and mechanical device that allows 
application of an internal pressure and resultant hoop stress 55 
to hollow cylinders of various sizes when used with a 
standard compression testing machine and eliminates the 
danger inherently present when dealing with high pressure 
fluids. 
facing surface of lower conical ram 106. First guide hole 
1 OZA is formed a depth deep enough to allow the remaining 
portion of guide rod 110 that extends from second guide hole 
102 to be inserted into upper conical ram 101 when facing 
surfaces of upper conical ram 101 and lower conical ram 106 
meet at midline A. 
Referring now to FIGS. 1 through 9 together, in one 60 
embodiment, a device 100 for applying internal pressure to 
In one embodiment, optionally, a shim 104, which can be 
formed of various thicknesses, can be placed around the 
outer surfaces of expansion cylinder 108 to properly size, 
i.e., fit, expansion cylinder 108 within an interior void of a 
hollow cylinder to be tested, also referred to herein as a test 
a hollow cylinder includes an upper conical ram 101, herein 
also referred to as a first conical ram, and a lower conical 
ram 106, herein also referred to as a second conical ram, that 
are each conically shaped to fit and move within correspond-
ing upper and lower conically shaped interior cavities 
formed in an expandable cylinder 108. In one embodiment, 
65 cylinder. In one embodiment, shim 104 is a hollow cylin-
drical shape with a longitudinal gap which allows shim 104 
to be sized between expansion cylinder 108 and different 
US 10,024, 772 B 1 
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interior diameters of test cylinders. In other embodiments, 
shim 104 can be formed without the gap; however, multiple 
shims may then be needed to size expansion cylinder 108 to 
test cylinders having different diameter interior voids. In one 
embodiment, one or more shims 104 should be inserted until 
all wedges that form expansion cylinder 108, e.g., wedges 
105A, 105B, are in contact with neighboring wedges, so that 
gap 120 is initially present. 
Referring now more particularly to FIGS. 8 and 9, when 
device 100 is assembled with a test cylinder 103, and 10 
optionally with shim 104, a test assembly 118 is formed. 
FIG. 8 shows a test assembly without shim 104, and FIG. 9 
shows a test assembly including shim 104. As shown in FIG. 
9, when initially assembled, the facing surface of lower 
conical ram 106 and the facing surface of upper conical ram 15 
101 are separated by gap 120 having distance d. Gap 120 
allows lower conical ram 106 and upper conical ram 101 to 
move toward midline A when a compressive force is applied. 
The vertical movement into gap 120 results in an outward 
expansion of wedges 105A, 105B with resultant internal 20 
pressure applied to cylinder 103. 
Referring now to FIG. 10 together with FIGS. 1-9, in one 
embodiment, a method 1000 for applying internal pressure 
6 
conical ram 101 and lower conical ram 106. Application of 
the compressive force moves upper conical ram 101 down in 
upper cavity 114 and vertically toward midline A, and moves 
lower conical ram 106 up in lower cavity 116 and vertically 
toward midline A. This vertical movement reduces distance 
d of gap 120. The sloped inner surfaces of upper cavity 114 
and lower cavity 116 convert the vertical motion into an 
outward radial motion forcing wedges 105A, 105B apart and 
applying an internal pressure and resultant hoop strain to test 
cylinder 103. The hoop strain on test cylinder 103 is 
measured by the strain gauges attached to test cylinder 103. 
In operation 1018, the compressive pressure and strain 
gauge measurements are communicated to and measured by 
the compression testing machine and the internal pressure 
and hoop strain on test cylinder 103 determined. The resul-
tant hoop stress oftest cylinder 103 is then calculated using 
a hoop stress equation. Hoop stress equations which are well 
known to those of skill in the art. In one embodiment, the 
hoop stress equation utilizes at least the hoop strain. 
Referring now to FIGS. 11-16, another embodiment in 
accordance with the invention is illustrated in which expand-
able cylinder 108 of device 100 is formed of more than two 
wedges. In the present embodiment, eight (8) wedges 
1102A-1102H are utilized rather than two wedges as earlier 
described with reference to wedges 105A and 105B and 
FIGS. 1-9. 
When placed together each wedge 1102A-1102H forms a 
corresponding eighth of expandable cylinder 108. As earlier 
described, expandable cylinder 108 has a 360 degree exter-
nal surface with cylindrical cross section, and has an internal 
upper cavity 114 and an internal lower cavity 116 which 
meet at a midline A. In one embodiment upper cavity 114 
and lower cavity 116 are conically shaped as earlier 
described. In this embodiment, each wedge 1102A-1102H 
to a hollow cylinder, such as a test cylinder, utilizing device 
100 is described. In operation 1002 a test cylinder, such as 25 
test cylinder 103, is obtained. In operation 1004, expandable 
cylinder 108 is placed inside test cylinder 103. More spe-
cifically, wedges 105A, 105B which form expandable cyl-
inder 108 are placed inside test cylinder 103. Optionally, in 
operation 1006, shim 104 is placed inside test cylinder 103 30 
between the exterior surface of expandable cylinder 108 and 
the interior surface of test cylinder 103. In the present 
example, shim 104 is placed inside test cylinder 103 
between the exterior surfaces of wedges 105A, 105B and the 
interior surface of test cylinder 103. 35 has a 45 degree exterior surface and has a shaped interior 
surface formed such that, when placed together, each wedge 
1102A-1102H forms an eighth of upper cavity 114 and lower 
cavity 116. As earlier described, upper cavity 114 and lower 
In operation 1008, lower conical ram 106 is inserted into 
lower cavity 116 from below expandable cylinder 108 and is 
in contact with at least a portion of the inner surfaces of 
wedges 105A, 105B which form lower cavity 116. In 
operation 1010, guide rod 110 is inserted from above and 40 
through the interior hollow of test cylinder 103 and into 
guide hole 102B of lower conical ram 106. In operation 
1012, upper conical ram 101 is inserted into upper cavity 
114 from above expandable cylinder 108 and is contact with 
at least a portion of the inner surfaces of wedges 105A, 105B 45 
which form upper cavity 114. Upper conical ram 101 is 
aligned such that guide rod 110 enters guide hole 102A of 
upper conical ram 101. 
As earlier described, when initially assembled, the facing 
surface of lower conical ram 106 and the facing surface of 50 
upper conical ram 101 are separated by a gap 120 having a 
distanced (see FIG. 9). When device 100 is assembled with 
test cylinder 103, and optionally with shim 104, test assem-
bly 118 is formed. 
In operation 1014, test assembly 118 is placed into a 55 
compression testing machine, such as a uniaxial compres-
sion testing machine. Compression testing machines, includ-
ing uniaxial compression testing machines, are well known 
to those of skill in the art. In one embodiment, tabs 112A, 
112B are held by clamps on the compression testing 60 
machine and allow the compression testing machine to apply 
cavity 116 each have a graduated conical shape with cylin-
drical cross section that decreases in diameter toward a 
midline A. 
FIG. 15 illustrates anANSYS (ANSYS, Inc. Canonsburg, 
Pa.) computer simulation model 1500 of cylinder surface 
stress on a test cylinder, such as test cylinder 103, resulting 
from an internal pressure applied by device 100 in the 
embodiment described with reference to FIGS. 11 and 14. 
FIG. 16 illustrates an ANSYS computer simulation model 
1600 of hoop strain on a test cylinder, such as test cylinder 
103, resulting from an internal pressure applied by device 
100 in the embodiment described with reference to FI GS. 11 
and 14. 
The embodiments of FIGS. 11-16 can be utilized for 
determining an internal pressure and hoop stress of a hollow 
cylindrical object (e.g., test cylinder 103) when inserted into 
and connected with a compression testing machine in a 
process similar to that earlier described with reference to 
method 1000 and FIG. 10, and in which wedges 1102A-
1102H are utilized to form expandable cylinder 108 rather 
than wedges 105A, 105B. 
Embodiments in accordance with the invention reduce the 
time, expense, and danger inherent with the prior art systems 
which utilized a pressurized fluid for determining an internal 
pressure and hoop stress of a hollow cylindrical object. 
Embodiments in accordance with the invention have mu!-
a compressive force on upper conical ram 101 and lower 
conical ram 106. In one embodiment, strain gauges are 
attached to test cylinder 103 to provide strain gauge mea-
surements, such as hoop strain. 
In operation 1016, the compression testing machine is 
initiated and applies a measured compressive force on upper 
65 tiple potential applications, such in the testing of pressure 
vessels and pipes. The embodiments of the device described 
herein can be formed of various materials that are stiffer and 
US 10,024, 772 B 1 
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stronger than the material(s) forming a cylinder to be tested, 
i.e., a test cylinder. In various embodiments, expandable 
cylinder 108, conical rams 101, 106 and shim 104 can be 
formed of the same or of different materials. In one embodi-
ment, expandable cylinder 108 and conical rams 101, 106 
are formed of 17-4 stainless steel in the annealed condition. 
In one embodiment, expandable cylinder 108, conical rams 
101, 106, and shim 104 are formed of 17-4 stainless steel in 
the annealed condition. 
8 
7. The device of claim 6 wherein said plurality of wedges 
comprises two wedges, each wedge having a 180 degree 
exterior surface and an interior surface shaped to form one 
half of said upper cavity and one half of said lower cavity of 
said expandable cylinder. 
8. The device of claim 6 wherein said plurality of wedges 
comprises eight wedges, each wedge having a 45 degree 
exterior surface and an interior surface shaped to form one 
eighth of said upper cavity and one eighth of said lower 
10 cavity of said expandable cylinder. This disclosure provides exemplary embodiments of the 
present invention. The scope of the present invention is not 
limited by these exemplary embodiments. Numerous varia-
tions, whether explicitly provided for by the specification or 
implied by the specification or not, may be implemented by 
one of skill in the art in view of this disclosure. In particular 15 
numbers of wedges may be utilized to form expandable 
cylinder 108 and the operations of method 100 are not 
limited to the order presented. 
What is claimed is: 
1. A device for applying internal pressure to a hollow 
cylindrical object comprising: 
an upper conical ram having a first guide hole centrally 
formed in a first facing surface; 
20 
a lower conical ram having a second guide hole centrally 25 
formed in a second facing surface, wherein said second 
guide hole and said first guide hole are aligned to allow 
a guide rod to be positioned within both said first guide 
hole and said second guide hole; 
an expandable cylinder, said expandable cylinder having 30 
a 360 degree cylindrical exterior surface, an internal 
conical upper cavity shaped to receive at least a portion 
of said upper conical ram and an internal conical lower 
cavity shaped to receive at least a portion of said lower 
conical ram; and 
a guide rod positioned within at least a portion of said first 
guide hole and said second guide hole, said guide rod 
for aligning said upper conical ram and said lower 
conical ram. 
35 
2. The device of claim 1 wherein said upper conical ram 40 
further comprises a first tab; and 
wherein said lower conical arm further comprises a sec-
ond tab. 
3. The device of claim 2 wherein said first tab and said 
second tab are shaped to allow connection of said device to 45 
a compression testing machine. 
4. The device of claim 1 wherein said device further 
comprises: 
a shim. 
5. The device of claim 1 wherein said expandable cylinder 50 
comprises: 
9. A method for applying an internal pressure to a hollow 
cylindrical object comprising: 
obtaining a test cylinder; 
inserting an expandable cylinder into said test cylinder, 
said expandable cylinder having a 360 degree cylindri-
cal exterior surface, an internal conical upper cavity 
shaped to receive at least a portion of an upper conical 
ram and an internal conical lower cavity shaped to 
receive at least a portion of a lower conical ram; 
inserting said lower conical ram from below said test 
cylinder at least partially into said lower cavity of said 
expandable cylinder, said lower conical ram having a 
second guide hole centrally formed on a second facing 
surface; 
inserting a guide rod from above said test cylinder into 
said second guide hole; 
inserting said upper conical ram from above said test 
cylinder at least partially into said upper cavity of said 
expandable cylinder, said upper conical ram having a 
first guide hole centrally formed on a first facing 
surface, wherein said first guide hole is aligned over 
said guide rod such that said guide rod passes into said 
first guide hole, and further wherein said first facing 
surface and said second facing surface are separated by 
a gap having a distance, d; 
applying a measured compressive force to said lower 
conical ram and said upper conical ram to cause said 
lower conical ram and said upper conical ram to move 
vertically toward a midline of said expandable cylinder 
and create an outward radial motion which applies an 
internal pressure and resultant hoop strain on said test 
cylinder; and 
determining a hoop stress of said test cylinder based on at 
least said hoop strain. 
10. The method of claim 9 further comprising: 
inserting a shim between said exterior surface of said 
expandable cylinder and an interior surface of said test 
cylinder. 
11. The method of claim 9 wherein said measured com-
pressive force is applied by a compression testing machine, 
said compression testing machine for applying said mea-
sured compressive force applied to said upper and lower 
conical rams, and for measuring stress applied to said test 
cylinder from one or more stress sensors attached to said test 
a first wedge having a 180 degree exterior surface and an 
interior surface shaped to form one half of said upper 
cavity and one half of said lower cavity of said expand-
able cylinder; and 55 cylinder from said compression testing machine. 
a second wedge having a 180 degree exterior surface and 
an interior surface shaped to form a corresponding one 
half of said upper cavity and one half of said lower 
cavity of said expandable cylinder. 
6. The device of claim 1 wherein said expandable cylinder 60 
comprises: 
a plurality of wedges, each wedge having an exterior 
surface that forms a portion of said 360 degree exterior 
surface of said expandable cylinder and having an 
interior surface shaped to form a portion of said upper 65 
cavity and at least a portion of said lower cavity of said 
expandable cylinder. 
12. The method of claim 11 wherein said compression 
testing machine is a uniaxial compression testing machine. 
13. The method of claim 9 wherein said expandable 
cylinder comprises: 
a first wedge having a 180 degree exterior surface and an 
interior surface shaped to form one half of said upper 
cavity and one half of said lower cavity of said expand-
able cylinder; and 
a second wedge having a 180 degree exterior surface and 
an interior surface shaped to form a corresponding one 
half of said upper cavity and one half said lower cavity 
of said expandable cylinder. 
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14. The method of claim 9 wherein said expandable 
cylinder comprises: 
a plurality of wedges, each wedge having an exterior 
surface that forms a portion of said 360 degree exterior 
surface of said expandable cylinder and having an 
interior surface shaped to form a portion of said upper 
cavity and a portion of said lower cavity of said 
expandable cylinder. 
15. The method of claim 14 wherein said plurality of 
wedges comprises two wedges, each wedge having a 180 
degree exterior surface and an interior surface shaped to 
form one half of said upper cavity and one half of said lower 
cavity of said expandable cylinder. 
16. The method of claim 14 wherein said plurality of 
wedges comprises eight wedges, each wedge having a 45 
degree exterior surface and an interior surface shaped to 
form one eighth of said upper cavity and one eighth of said 
lower cavity of said expandable cylinder. 
17. An expandable cylinder for use in applying an internal 
pressure to a hollow cylindrical object comprising: 
10 
a plurality of wedges, each wedge having an exterior 
surface that forms a portion of a 360 degree exterior 
surface of said expandable cylinder and having an 
interior surface shaped to form a portion of an internal 
conical upper cavity and a portion of an internal conical 
lower cavity of said expandable cylinder. 
18. The expandable cylinder of claim 17 wherein said 
plurality of wedges comprises two wedges, each wedge 
having a 180 degree exterior surface and an interior surface 
10 
shaped to form one half of said upper cavity and one half of 
said lower cavity of said expandable cylinder. 
19. The expandable cylinder of claim 17 wherein said 
plurality of wedges comprises eight wedges, each wedge 
having a 45 degree exterior surface and an interior surface 
15 
shaped to form one eighth of said upper cavity and one 
eighth of said lower cavity of said expandable cylinder. 
20. The expandable cylinder of claim 17 wherein said 
upper cavity is shaped to receive at least a portion of an 
upper conical ram and said lower cavity is shaped to receive 
at least a portion of a lower conical ram. 
* * * * * 
